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quired, by those introduced by Pfeifer and Wartha.* That for
the determination of temporary hardness is identical with
that of Hehner, except that, in place of methyl orange, a
drop of a mixture of about I grm. of the purest alizarin paste
in 200 c.c. of distilled water is employed. This indicator is
surprisingly sensitive ; even more so than phenolphthalein, but
as it is unfortunately affected by carbon dioxide it is necessary
to complete the titration at a boiling temperature. The change
is from violet in alkaline solution (perhaps slightly varying
in shade with the nature of the particular base present) to
a perfectly clear pale lemon-yellow when neutral or acid. The
titration of the water should be done with N/io HC1 or H2SO4
in a silver, platinum, or hard porcelain basin. The acid should.
be added in the cold till the violet shade gives place to a clean
yellow, and the liquid then brought to a boil, when, with trie-
escape of carbonic acid, the violet colour will return, and should!
at once be destroyed by the addition of another drop of the acid,,
and so on, until no further change of colour takes place. It is
undesirable to boil the indicator long, especially in an alkaline
condition, as a violet deposit is formed on the sides of the basin,
presumably of calcium and magnesium alizarates, which can only
be dissolved by excess of acid, and is thus apt to cause percept-
ible errors. In place of titrating to exact neutrality, the acid
may be added in very small excess, and the whole of the liberated
carbon dioxide boiled off at once, and the solution then brought
back to neutrality by N/io NaOH, the solution boiled for a
moment, and the titration completed.
The results in either case are exact, a fraction of a drop of
alkali changing the clear lemon-colour to a dirty yellow. If
100 c.c. of water are used, multiplication of the c.c. of acid by 5
gives the temporary hardness in parts of CaCO3 per 100,000,
The boiling must in on case take place in an ordinary glass
beaker or flask, as an amount of alkali is dissolved which may
lead to serious inaccuracy. Even hard Jena glass is not free
from this effect, though the amount dissolved is so small that for
most practical purposes it may be neglected. The following
experiment will illustrate the point. 100 c.c. of distilled water
* Zeits. angew. Chem., 1902, 198. Prof. Lunge states, in. a private letter, that
the use of alizarin for this purpose was originated in. the laboratory of the Zurich
Polytechnicum by Weithl
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